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The utilization of spent limuors has heen a major item in the research and
development field of the pulr an naver industry. In recent years, this
problem is teing given more serious emphasis due to the tightening of anti-
vollution laws by govermment agencies. This situation, together with the
individual millks desire to find programs for sound and effective recovery
of values are major recipients of engineéring anj research man hours and
dollars. This all points towards a better future for the industry and

the comrunity. A closer study than just analysis and physical constants
determination is undoubtedly needed in order to better define the path the

spent liquor will or will not follow, ultimately leading to its commercial

utilization.
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Cn several cocassions in the mast a certain comparny has been troubled by
inconsistencies of the mill's N3SC spent liguor when electrodialyzed. The
Sulvhite Pulp Mamfaciurer's 2escarch League (1) claims that the early batches
cf limor sent for orocessing in the latter wart of 1962 gave no problem as
far as sludging or precipitation is coxncerned. n the contrary, most of the
batches of liquor submitted in 1963 produced a significant quantity while

being electrodialyzed, the result of which was undue plugging of the membranes.

A mumber of theories have been advanced to account for the differences:

1. At one time, it was thought to be the result of bacterial action
resulting in the formation of thiosulfates.

2. It may also be possible to consider the preserce of fine suspension
consisting of no-length fibers, ray cells, waxy and gumy substances
in the wood which are floculated by lowering of the pH.

3. It has also been assumed that possibly sulfonation was incomplete
thus precipitating alicali 1ignin when electrodiaiyzeﬁ.

Li. Since the wood source consisted of a mumber of combinations of wood
species it was thought that, possibly, the differences could be

traced to a particular wood species

There may be more of these theories that would account for this change.

It was thought that thin layer chromatography might offer a method for coarse
separations of the major constituents in the spent liquors from individual
wood species. A physical indication of this is showm in chromatograms

through the colors impmarted by the components when stained with certain



chromogenic substances. A chromatosram is developed by spotting a sample

on a silica gel layer and letting the components migrate with a certain
solvent depending upon their abscrpiivity in the layer. If the components
are colored, they could be secn in the chromatvograms after drying of the
layer. Ctherwise, a-certain color imparting substance is sprayed on and
after baking the resulting colors cculid be used as a basls for comparison.
Qalification of thin layer caromatography as a method for such compafisons
nay be gained from the fact that the Sulphite Pulp Mamufacturer's Research
League and United States Forest Proiucts Lahoratory has seen fit to utilize

it in a considerabvle amount of similar worlk.

O3J=CTIVES:

~v

A study was mace of the behavior of N33C spent lizuor samples derive? fronm

the digestion of known wool swpecles when subjected to thin layer chromatography.
Thin layer chromatography was utilized as a tasis of comparison and a oprelime-
inary means of acertaining what <egree of cooking had proceeded or not. The
latter was shown by a big change in color intensity or an appearance of new

colored spots.



TXPERICENTAL PROCHEDURIE:
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Prenaration of liouor zamvles: ILavoratory digestion approaching set condi-

tions as close cs wossible was nerformed on the individual wood species

vhite Birch, and Hard Iaple. The initial 1i7uor used in
the “ivestions was made up of 105 sodium sulfite, 3% sodium carbonate, and
875 water oy weight. The pH of this initial licquor averaged about 9.5. One
hundred grams of oven dry wood and four hundred grams of the initial liguor
were zdded to each of thrce flasks and impregrated for a haif an howr. A
the impregrnation period'the Ilasis were placed in the laboratory digestor
and cooled for four hours at o steom pressure of 25 p.s.i.g. or a temszrature
of 130O C.. After the cooking vperiod the frece liquor ( that which could be
drained off) was remove’ Ifrom the chips. With the aig oflé Waring Blendor

the ligquor within the chins was removed and added to the free liguor. Sodium
carbonate and sodium sulfité vere added to this liguor in the ratio of 1:3%,
respectively, by weight until the pH was again in the range of 9.0 to 9.5.
This refortified liaquor was added to fresh chips and the cooking vrocedure
convimued, The whcle process was repeated thres times for each species, After

N

ne las
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iigestion the spent liquor samples were collected and diluted *o

S
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a uniform solids content of ten per cent. The pH of the final spent liguors
ranged from 6.5 to 6.9.

reparation of thin layer chromatography plates: 35ilica gel G was nade into

o

a slurry with water at a ratio of 13.5 grams powder and 25 ml. water. The
water was added into the weighed powder in poritions with the last S cc. in
ml, arocunts. This would tale care of the weighing errors that may accidently
be madc. The right consistency was arrived at with exﬁerience. The prepared

slurry, which was enough for four big plates, was spread by an applicator



adapted for the purvose. The snreading was done without hesitation in order
to erevent Yoreaks! along the lzyer length, This would have impeded the
colvent travelr vhile develoning. The layered plates were then activated in

the oven Tor zbout one hour,

Solvent nranaration for thin laver crhromatorravhy: The solvent that was

used consisved of cthanol, methanol, anl water in the ratio of ©0:80:i,
respectively. the solvent was vrepare? ahead of time and placed in a sealed
chromatojar lined with filter paner to insure complete saturation of the
atmosphere inside the Jar. It was found that a good amount of solvent for
one trial was about 60 ml. and that the tank was usually well saturated after
onc hour of standing.

ssent liouer on the chronatvogram: After the plates were cooled
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to "nand touch' temmerature and tiie elges scraped ol the layer, the samples

were spotted onto the plates with the aid of a wooden template., This insursd

o~ h]

proper spacing of tiie sample snots and avoidel overlapoing of chromatograma.
The sarle was spotted with & drawm out glass tube producing as small a soot
as vossible and at the same time having enoush material in it. A smaller

1 3

svov was reporied to have a better senaration. This aspect of the sample
anpilcation cculd only be well understood by several oractice runs to gev
a better feel oI how much is fenought.

m

Develoving the chrometosrams: The spotted glass plates were then placed

in the chronatojar and the 1id repiaced at once in order not to disturb the
saturated condition of the atmosphere inside. The solvent iront was then
ovbserved until it reached a predetermines line on the plate which was about

10 cm. from the starting line. Development was then stopved, the glass



-

nlate ricl-ed up an’ set aside to drive off as wuch solvent as possible. At

tlis stage, the comronents of the samnle undcr investigation were orought

1

wy b7 the solvent at points lepeniing unon thelr absorption characteristics

TAAR

in siZica gel. In the particular case of 330 liquor, the components vere
colorless ani nad to be stained by a chromogenic nixbure of anisaldehyde,
~lacial acciic acid, and concentrated sulfuric acid in the volumetric ratio
L b -

% .

Tainine the chromatcrrams: The staining mixbture mentionsd above had to be

freshly nrecared because of its instadhility especially to neat and light.
ibout 20 ml. ol the rmixture was used up in spraying two pairs of 10 x 15
crn. glass prates. IU has been ovserved that this mixture changes from
colorlecss to | yellow to orange and finally to red with time. Thus it is
recormented that the mixture be used within ithrec days after preparation

to insure uniformity and good staininz vroperties. Staining was done by
spraving a plate several times with the above mentioned mixture. The spray-
ing distance, the duration ofthe spraying and other details were, again,
well understood by actual practice. After staining, the sbrayed plates

were baked in a 110° C. oven for five to ten mimtes to bring out the colors.
The colors were usually tﬁe sharpest when the baked plates were set aside

to cool Ifor about fifteen minutes. However, half a day to a day's standing
in the air was enough to have the colors fade. So interpretations from.the

Tinished product were made within two to three hours.

Preservaticn of chromatogram results: It was felt that the results could be

nreczerved for further evaluation and comparison by copying in a note book
with the aid of colored percils, Such results of the chromatograms are

illustrated in the next pages.
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DISCUS3IoN AID COLCLUSICH:

As 1t can be scen fron the illustrated chromatorrams cn the preceeding
pages good senarations of five or six commonents were obtaincd on the test
svent liquors. The chromatograms of the sgpent liquors from Hemloci, Hard
Maple, and fispen wood snecies were 1 very close agreement in respect to

the nrumber of spots obtained, the cclor of the spots, color intensity of

the spocts and the distances traveled by the spots. The Vhite Zirch, however,

- o,

showed differences in the distances traveled by spots that were nresent in
the other wood species chromatograns. In addition, the ¥hite Birch dis-
nlayed the presence of a component not oresent in the other three types.
This additional spot apreared as a violet swot in the chromatogrems. ‘his
result was checked by performing a seccnd cooling process on %White Birch
chips and subjecting the spent liquor to chroratographic analysis. The sane

results were observed for the secon: test, however, the additional component

spot wasn't as intense as it was in the first chromatogram of this snecies.

“ron the results it may be consluled that the snent 11quor from the thite
3irch wood snecies contained a major constituent not present in the swent

liquors from tne other three wood specics. Presently, there is no way of

e

teiling exactly ihat the differences are chemically. However, research is

urderway to acertain the identity of the component spots avpearing on the

o

cixromatograns
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